Introduction
Pyrimidine and its derivatives are known for their biological and pharmaceutical importance. Their properties are determined by hydrogen and -bonding systems. They are belonging to the family of nucleic acids. Nucleic acids are of great interest, since they control the manufacture of protein and functions of the cells in living organism. Due to the significant role of N-heterocyclic molecules (i.e., cytosine, Uralic and thymine etc.) in the structural problems of nucleic acid, investigations on the substituted pyrimidines draw considerable attention [1] [2] [3] .
Literature survey reveals that to the best of our knowledge, the results based on quantum chemical calculations, FT-IR and FT-Raman spectral studies and NBO analysis on 4-hydroxy-2,6-dimethyl pyrimidine (HDMP) have not been reported. This inadequacy observed in the literature encouraged us to make this theoretical and experimental vibrational spectroscopic research based on the structure of molecules to give a correct assignment of the fundamental bands in experimental FT-IR, FT-Raman spectra.
The first purpose of this work is to investigate the performance of different DFT methods in predicting geometry and vibrational spectra of HDMP. The second purpose of this work is to study the thermodynamic functions and bonding nature of HDMP by using HF and B3LYP level of theories throughout with the 6-311G basis set implemented in the Gaussian 09 program suite [4] . The calculations of potential energy distribution (PED) were done on a PC with the version V7.0-G77 of the MOLVIB program written by Sundius [5, 6] .
The third purpose of this work is to study the natural bond orbital analysis (NBO), electrostatic potential should help us to understand the structural and spectral characteristic and bioactivity of compounds of this class. Optimized geometry obtained from DFT calculation was then used to perform NBO analysis. This study provided a wealth of theoretical data giving insights into the kinetic and structural behavior of HDMP. A fundamental understanding of the properties of HDMP is believed to be essential for the development of the drug designing.
Experimental Details
The compound HDMP was purchased from Lancaster Chemical Company, UK, with a stated purity of 99% and it was used as such without further purification. The FTRaman spectrum of HDMP was recorded using 1064 nm line of Nd:YAG laser as excitation wave length in the region 3500−100 cm 1 on thermo electron corporation model BRUKER IFS 66 vacuum fourier transform spectrophotometer equipped with FT-Raman module accessory. The FT-IR spectrum of the title compound was recorded in the region 4000−400 cm 1 on with same instrument in KBr pellet technique. The spectrum was recorded at room temperature with a scanning speed of 30 cm 1 min 1 and the spectral width of 2.0 cm
1
. The observed experimental FT-IR and FT-Raman spectra and theoretically predicted IR and Raman spectra at HF/6-311G and
Computational Details
Quantum chemical calculations were used for HDMP to carry out the optimized geometry and vibrational wavenumbers with the 2009 version of the Gaussian suite program [4] using the HF and B3LYP functional [7, 8] supplemented with standard 6-311G basis set. For the plots of simulated IR and Raman spectra, pure Lorentzian band shapes were used with a band width (FWHM) of ± 10 cm 1 . The vibrational modes were assigned by means of visual inspection using the GAUSSVIEW Program [9] . The analysis for the vibrational modes of HDMP is presented in some detail in order to better describe the basis for the assignments. From the basic theory of Raman scattering, Raman activities ( i s ) calculated by Gaussian 09W
Program has been converted to relative Raman intensities ( i I ) using the following relationship [10, 11] :
where 0
 is the exciting wavenumber (in cm
 is the vibrational wavenumber of the ith normal mode, h, c, and k are universal constant and f is a suitably chosen common normalization factor for all the peak intensities.
Natural bond orbital analysis was also performed by the Gaussian 09W Program at the B3LYP level of theory analysis transforms the canonical delocalized Hartee-Fock (HF) molecular orbital (MO) into localized MOs that are closely tied to chemical bonding concepts. This process involves sequential transformation of non-orthogonal atomic orbital's (AOs) to the sets of natural atomic orbital's (NAOs), natural hybrid orbital's (NHOs) and natural bond orbital. The localized basis sets are completely describes the wave functions in the most economic method, as electron density and other properties that are described by the minimal amount of filled NBOs describe the hypothetical, strictly localized Lewis structure. The interaction between filled and anti-bonding (or Rydberg) orbital represent the deviation of the molecule from the Lewis structure and can be used as the measure of delocalization. This non-covalent bonding anti-bonding charge transfer interactions can be quantitatively described in terms of the second-order perturbation interaction energy (E (2) ) [11] [12] [13] [14] [15] . This energy represents the estimate of the off-diagonal NBO Fock matrix elements. It can be deduced from the second-order perturbation approach [16] as follows:
where q i is the ith donor orbital occupancy, , j i   the diagonal elements (orbital energies) and F (j,i) the off diagonal NBO Fock matrix element.
Results and Discussion

Geometrical Structure
The optimized structural parameters and global minimum energy of HDMP were calculated by C s point group symmetry with HF/6-311G and B3LYP/6-311G levels. In accordance with the atom numbering scheme the optimized geometrical structure is given in Fig. 3 .
The global minimum energy of HDMP in C s point group symmetry with HF and B3LYP methods are collected in Table 1 . The C 2 conformer has minimum energy value as compared to C 1 conformer. The optimized structure can be compared with other similar system for which the crystal structures have been solved already. Therefore, the optimized geometrical parameters of pyrimidine [17] are compared to those of title compound. The comparative optimized structural parameters were presented in Table 2 .
From the theoretical values we can find that most of the optimized bond lengths and bond angles are slightly longer and shorter than the experimental values. These variations are due to the nature and position of the substituents. By comparing HF and B3LYP methods, B3LYP values are much closer to experimental values due to the inclusion of electron correlation.
Effect of multiple scaling on frequency fit and vibrational assignments
The vibrational frequencies obtained by density functional theory calculations are known for over estimation from the experimental values by 27% on average. A tentative assignment is often made on the basis of unscaled computed frequency by assuming the observed frequency so that they are in the same order as the calculated ones. Then, for an easier comparison to the observed values, the calculated frequencies are scaled by the scale factors of less than 1, to minimize the overall deviation.
An attempt was made to refine the scale factors using the set of transferable scale factors recommended by Pulay et al. [18] . Vibrational frequencies calculated at HF/6-311G and B3LYP/6-311G levels were scaled by 0.8821 for wavenumbers less than 1700 cm -1 and 0.9811 for higher wavenumbers.
The vibrational assignments in the present work are based on the HF/6-311G and B3LYP/6-311G frequencies, infrared intensities, Raman activities as well as characteristic group frequencies. The detailed vibrational assignments of fundamental modes of HDMP along with observed and calculated frequencies, and normal mode descriptions have been reported in Table 3 . It is convenient to discuss the vibrational spectra of HDMP in terms of characteristic spectral region as describe below: 
O-H vibration
C-H vibration
The hetero aromatic organic compounds and its derivatives are structurally very close to benzene and commonly exhibit multiple weak bands in the region 3100-3000 cm -1 due to C-H stretching vibrations [20] [21] [22] . The aromatic C-H stretching vibrations are observed in the region 3152 cm 1 in FT-IR spectrum and the computed values at 3172 cm -1 in HF/6-311G and 3153 cm -1 in B3LYP/6-311G methods are assigned to C-H stretching vibration. These assignments are in line with the literature and further in this region, the bands not much affected due to the nature and position of the substitution. The C-H in-plane bending vibrations normally occur as a number of strong to weak intensity sharp bands in the region 1300-1000 cm -1 [23] . The bands for C-H inplane bending vibration of the title compound are identified at 1214 cm -1 in HF/6-311G and 1205 cm -1 in B3LYP/6-311G methods. The corresponding vibrations are also observed at strong band 1207 cm -1 in FT-Raman spectrum of HDMP, respectively, by our calculation are assigned to C-H in-plane bending vibrations, which coincide with experimental values.
The C-H out-of-plane bending vibrations are strongly coupled vibrations and occur in the region 900-667 cm -1 [24] [25] [26] [27] . In the present case, the C-H out-of-plane bending vibration of the title compound are found at 885 cm -1 in HF/6-311G and 872 cm -1 in B3LYP/6-311G methods. The corresponding vibrations are also observed weak band at 873 cm -1 in FT-Raman spectrum of HDMP. The in-plane and out-of-plane bending vibrational frequencies are found to be well within their characteristic regions. This shows that the substitution of OH and CH 3 do not affect much of aromatic C-H modes of vibration as they attached to only carbon of the benzene ring.
CH 3 Vibrations
The title molecule under consideration possesses two CH 3 group in the side substituted chain. For the assignments of CH 3 group frequencies one can expect that nine fundamentals can be associated to each CH 3 group. These vibrations are CH 3 ss (symmetric Stretching), CH 3 ips (inplane stretching), CH 3 ipb (in-plane bending), CH 3 sb (symmetric bending), CH 3 ipr (in-plane rocking), CH 3 opr (out-of-plane rocking), tCH 3 (twist), CH 3 ops (out-of-plane stretching), CH 3 opb (out-of-plane bending) vibrations, respectively. Methyl groups are generally referred as electron donating substituent's in the aromatic ring system. The C-H methyl group stretching vibrations are highly localized and generally observed in the range 3000-2800 cm 1 [28, 29] . In the present investigation, the bands with sharp peaks are found at 3106, 3075 3 twisting vibrations by both HF/6-311G and B3LP/6-311G methods, respectively. This assignment is also supported by the literature.
C=O vibration
The absorption is sensitive for both the carbon and oxygen atoms of the carbonyl group. Both have the same while it vibrates. Normally carbonyl group vibrations occur in the region 1780-1680 cm 1 [30] [31] [32] . In the present study, the C=O stretching vibration is assigned at 1195 cm -1 in HF/6-311G method and 1180 cm -1 in B3LYP/6-311G method. According to the literature, the C=O vibration is pushed to the lower region by the influence of other vibrations, because of the proximity. Hence, the present investigation, the strong FT-IR band is observed at 1181 cm -1 .The C=O in-plane bending vibration is usually found at 700 cm -1 [33, 34] . In HDMP, the C=O in-plane bending vibration is found at 934 cm -1 in HF/6-311G and 923 cm -1 in B3LYP /6-311G, which is found mixed with the O-H deformation mode. In HDMP, the observed medium band at 920 cm -1 in FT-IR spectrum and weak band observed at 928 cm -1 in FTRaman spectrum are assigned to C=O in-plane bending vibration. The C=O out-of-plane bending vibration is expected in the region 540±80 cm -1 [35] . A medium C=O out-of-plane bending vibration is found at 856 cm -1 in B3LYP/6-311G and it is also observed weak band at 858 cm -1 in both FT-IR and FT-Raman spectra. According to the literature, this assigned value is slightly above the expected range. From the above observation, it is clear that, the C=O vibration is not influenced by the other substitution in the chain. 
C-C vibration
The ring C=C and C-C stretching vibrations, known as semicircle stretching usually occur in the region 1400-1625 cm -1 [36] . The C-C stretching peaks found at 1675, 1480, 633, 564 cm -1 in HF/6-311G and 1663, 1472, 624, 554 cm
in B3LYP/6-311G method are assigned to C-C stretching vibrations. The bands observed at 1661, 626, 556 cm -1 in FT-IR spectrum and 1666, 1469, 624, 555 cm -1 in FTRaman spectrum are assigned to C-C stretching vibrations in HDMP molecule. According to the literature, C-C stretching vibrations are found to be well within their characteristic regions.
In the present work, the computed three strong bands present at 545, 482 cm -1 in HF/6-311G and 532, 470 cm -1 in B3LYP/6-311G are assigned to C-C in-plane bending vibrations. The band observed at 306 cm -1 in FT-Raman spectrum is assigned to C-C out-of-plane bending vibrations in HDMP molecule. These assignments are in line with the literature [29] .
C-N vibration
The quinoline and its related compounds show a strong absorption band in the region 1600-1500 cm -1 due to C=N stretching vibration [36] . The observation in the present work shows the presence of C=N stretching vibrations at 1635, 1399, 1315, 856 cm -1 in HF/6-311G and 1624, 1388, 1304, 847 cm -1 in B3LYP/6-311G methods. These bands have strong to medium intensity and these are slightly lower than the expected value. The strong intensity of the band may due to the mixing of C=N with C=C, both occurring at the same frequency. The C-N stretching vibrations are always mixed with other bands and normally occur in the region 1266-1382 cm -1 [35, 23, 29, [37] [38] [39] . For HDMP, the C-N in-plane vibrations are observed at 1621, 1393, 1302 cm -1 in FT-IR spectrum and 1624, 1386 cm -1 in FT-Raman spectrum, which is in close agreement with the literature value.
Computed IR intensity and Raman activity analysis
Computed vibrational spectral IR intensities and Raman activities of the corresponding wavenumbers by HF/6-311G and B3LYP/6-311G methods have been displayed in the Table 4 . Comparison of the IR intensities and Raman activities calculated by B3LYP/6-311G with experimental values exposes the variation in IR intensities and Raman activities. These variations are due to the absence of electrons correlation in HF method.
Vibrational force constant
The output files of the quantum mechanical calculations contain the force constant matrix in Cartesian coordinates and in Hartree/Bohr 2 units. These force constants were transformed to force fields in the internal local symmetry coordinates. The force field determined was used to calculate the vibrational potential energy distribution among the normal coordinate. In both methods, the values show the variation due to the inclusion of electron correlation in B3LYP method. They are listed in Table 4 .
Mulliken population analysis: Mulliken Atomic Charges
Mulliken atomic charge calculation [40] has an important role in the application of quantum chemical calculation to molecular system, because the atomic charges affect dipole moment, polarizability, electronic structure, and much more properties of molecular systems. The total atomic charges of HDMP obtained by Mulliken population analysis with both HF/6-311G and B3LYP/6-311G methods are listed in Table  5 .
For HF/6-311G and B3LYP/6-311G methods, the Mulliken atomic charge of C4 atom occupies the higher positive value and becomes highly acidic. Their corresponding Mulliken atomic charges are 0.678 in HF/6-311G and 0.567 in B3LYP/6-311G method. This value was higher than other carbon atoms. The H13 atom have low value compare to other hydrogen atoms ( H8, H9, H10, H15, H16, H16 ) due to the formation of intramolecular weak hydrogen bonding OH…H.
HOMO-LUMO analysis
The analysis of the wave function indicates that the electron absorption corresponds to the transition from the ground to the first excited state and is mainly described by one electron excitation from the highest occupied molecular orbital (HOMO) to the lowest unoccupied molecular orbital (LUMO). The LUMO of p nature (i.e. benzene ring) is delocalized over the whole CC bond. By contrast, the HOMO is located over methoxy and hydroxyl groups; consequently the HOMO-LUMO [41] translation implies an electron density transfer to aromatic part of benzaldehyde of p conjugated system from hydroxyl groups. Moreover, these orbital significantly overlap in their position for HDMP. On the basis of fully optimized ground state structure, B3LYP/6-311G calculations have been used to determine the low lying excited states of HDMP. The calculated results involving the vertical excitation energies, oscillator strength and wavelengths are carried out and compared with measured experimental wavelength. The HOMO -LUMO energy gap of HDMP was calculated at the HF/6-311G and B3LYP/6-311G level and are shown Table 6 reveals that the energy gap reflect the chemical activity of the molecule. LUMO as an electrons acceptor represents the ability to obtain an electron represents the ability to donate an electron. The calculated HOMO-2 from LUMO+2, energy gap is lower than the other orbital of the molecular system. The electron transfer occurs only in this orbital, the plots of molecular orbitals are shown in Fig. 4. 
Hyperpolarizability
The first hyperpolarizabilities (β total ) of this novel molecular system, and related properties (β, α 0 and α) of HDMP were calculated using B3LYP/6-311G basis set, based on the finite-field approach. In the presence of an applied electric field, the energy of a system is a function of the electric field. Polarizabilities and hyperpolarizabilities characterize the response of a system in an applied electric field [42] . They determine not only the strength of molecular interactions (long-range inter induction, dispersion force, etc.) as well as the cross sections of different scattering and collision process and also the nonlinear optical properties (NLO) of the system [43, 44] . First hyperpolarizability is a third rank tensor that can be described by 3×3×3 matrix. The 27 components of the 3D matrix can be reduced to 10 components due to the Kleinman symmetry [43] . The components of first hyperpolarizability (β total ) are defined as the coefficients in the Taylor series expansion of the energy in the external electric field. When the external electric field is weak and homogeneous, this expansion becomes:
0 is the energy of the unperturbed molecules, F α the field at the origin μ α , α αβ and β αβγ are the components of dipole moments, polarizability and the first hyperpolarizabilities, respectively. The total static dipole moments μ, the mean polarizabilities α 0 , the anisotropy of the polarizabilities α and the mean first hyperpolarizabilities β total , using the x, y and z components they are defined as: [43, 45] .
The total static dipole moment is
The isotropic polarizability is
The polarizability anisotropy invariant is 
      
The B3LYP/6-311G method calculated the first order hyperpolarizability of HDMP is 6.4075x 10 31 esu. The total molecular dipole moment (μ), mean polarizability (α o ) and anisotropy polarizability (∆α) and first hyperpolarizability (β total ) of HDMP are computed and are depicted in Table 7 .
Electrostatic potential
Molecular electrostatic potential (ESP) at a point in the space around a molecule gives an indication of the net electrostatic effect produced at that point by the total charge distribution (electron + nuclei) of the molecule and correlates with dipole moments, electronegativity, partial charges and chemical reactivity of the molecules. It provides a visual method to understand the relative polarity of the molecules. An electron density isosurface mapped with electrostatic potential surface depicts the size, shape, charge density and site of chemical reactivity of the molecules.
The different values of the electrostatic potential represented by different colors; red represents the regions of the most negative electrostatic potential, blue represents the regions of the most positive electrostatic potential and green represents the region of zero potential. Potential increases in the order red < orange < yellow < green < blue. Such mapped electrostatic potential surfaces have been plotted for title molecules in B3LYP/6-311G basis set using the computer software GAUSSVIEW [9] . Projections of this surface along the molecular plane and a perpendicular plane are given in Fig. 5 It may see that, in both the molecules, a region of zero potential envelopes the π-system of the aromatic rings, leaving a more electrophilic region in the plane of hydrogen atoms. The shapes of the electrostatic potential at sites close to the polar group in the two molecules. The halogen group in the molecules is influenced by the stereo structure and the charge density distribution. These sites show regions of most negative electrostatic potential and high activity of the halogen groups. In contrast, regions close to the other polar atom-oxygen of the aromatic ring show regions of mildly negative and zero potential, respectively [46] .
Natural Bond Orbital analysis
Hyper conjugation is an important effect in which an occupied Lewis-type NBO is stabilized by overlapping with a non-Lewis type orbital. This electron delocalization can be described as a charge transfer from a Lewis valence orbital with a decrease in its occupancy, to a non-Lewis. Several other types of valuable data, such as directionality, hybridization, and partial charges, have been analyzed from the NBO results [27, 28] .
In Table 8 , BD(1)N1-C2 orbital with 1.9864 electrons has 59.5% N1 character in a sp 1.78 hybrid and has 40.5% C2 character in a sp 2.0 hybrid. The sp 1.63 hybrid on N has 64.02% p-character and the sp 2.10 hybrid on C has 70.16% pcharacter in HF method. For B3LYP method, the BD(1)N1-C2 orbital with 1.9888 electrons has 59.9% N1 character in a sp 1.69 hybrid and has 40% C2 character in a sp 2.1 hybrid. The sp 1.9 hybrid on N has 65.51% p-character and the sp orbital's corresponding to a stabilizing donor-acceptor interaction. The energy of this interaction can be estimated by the second order perturbation theory [16] . Table 9 lists the calculated second order interaction energies (E (2) ) between the donor-acceptor orbital's in HDMP molecule.
The important interaction energies are 3.25, 4.67, 4.28, 13.17, 12.19 kcal/mol in HF/6-311G method and 2.34, 3.4, 3.77, 2.86, 3.03 kcal/mol in B3LYP/6-311G method. These values are identified at BD(1)N1-C2, BD(1)C2-C7, BD(1)C4-C5, LP(1)N1, LP(1)N3 donor NBOs and their corresponding acceptors NBOs are BD*(1)C2-C7, BD*(1)N1-C6, BD*(1)C5-C6, BD*(1)C2-N3, BD*(1)N1-C2, respectively. These differences in interaction energies are due to the substitution of atoms like N, OH and CH 3 , respectively. By comparing HF and B3LYP methods, the HF energy values are higher than B3LYP energy values. These variations are due to the neglect of electron correlation.
Conclusion
The present investigation thoroughly analyzed the conformational stability, HOMO-LUMO, NBO and the vibrational spectra, both infrared and Raman of HDMP molecule with HF/6-311G and B3LYP/6-311G methods. All the vibrational bands observed in the FT-IR and FI-Raman spectra of these compounds are assigned to the various modes of vibration and most of the modes have wavenumbers in the expected range. The complete vibrational assignments of wavenumbers are made on the basis of potential energy distribution (PED). The scaled B3LYP/6-311G results are the best over the HF/6-311G methods. The electrostatic potential surfaces (ESP) together with complete analysis of the vibrational spectra, both IR and Raman and electronic spectra help to identify the structural and symmetry properties of the title molecule. The excellent agreement of the calculated and observed vibrational spectra reveals the advantages of higher basis set for quantum chemical calculations. NBO analysis provides an efficient method for studying inter and intra molecular interaction in molecular system. The stabilization energy has been calculated from second order perturbation theory. The NBO analysis confirms the hyper conjugation interaction. The strengthening and increase in wave number is due to the hyper conjugation interaction. Natural Bond Orbital analysis shows the differences in interaction of energies are due to the substitution of N, OH and CH 3 groups, respectively. Finally the calculated HOMO and LUMO energies shows that charge transfer occur in the molecules, which are responsible for the bioactive property of the biomedical compound HDMP. Thermodynamic analysis reveals that all the thermodynamic parameters calculated are directly proportional to temperature.  as -asymmtric stretching,  ss -symmtric stretching -stretching, β-in-plane bending, -out-of-plane bending, δad -asymetric deformation, ip roc-in plane rocking, op roc-out of plane rocking, -twisting BD2-centred bonding; EDelectron density; ED A electron density of 'A' atom; ED B electron density of 'B' atom; LP lone pair Table 9 : The second order perturbation energies E (2) (kcal/mol)corresponding to the most important charge transfer interactions (donor-acceptor) in the compound studied by HF/6-311G and B3LYP/ 6-311G method.
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